At present, the total number of chemical substances registered in the database exceeds 20000000. Approximately 50000-70000 are usually utilized for the purpose of manufacturing pharmaceutical and personal care products (PPCP) and life related materials in Japan.
In recent years, various pharmaceutical chemicals [1] [2] [3] [4] [5] have been detected in river water, treated wastewater, and hospital wastewater in western countries, and together with endocrine disrupting compounds, have attracted attention as new environmental pollutants. Drugs prescribed in hospitals and pharmacies are excreted into feces and urine or discarded into toilets and transferred to sewage. Studies 2, 6) have shown that portions of these drugs are not eliminated in wastewater treatment plants and remain in the discharged water. A concern has arisen about their influences 7, 8) on aquatic organisms and humans due to the formation and acquisition of a tolerance of various pathogenic microorganisms to anti-microbial drugs, the mixture of pharmaceutical chemicals at negligible concentrations in raw water for water supply, and exposure to these chemicals. To solve these problems, there are the following two laws. Unlike the Law Concerning the Examination and Regulation of Manufacture, etc., of Chemical Substances for the purpose of preventing environmental pollution by chemical substances that harms conventional human health, the Pollutant Release and Transfer Register (PRTR) law was therefore recently enforced. This PRTR law attempts to maintain the environment by controlling chemical substances discharged into the environment, and also their harmfulness and biological effects. The authors have noticed the inhibition of the respiration testing method (No. 209) of activated sludge (AS) as the decomposer, which is one of the 10 kinds of biological-effect testing methods determined by preservation. We previously established 9) the calculation method for the IC 50 of chemical substances, and the IC 50 of chemicals and marketed products have been calculated. [10] [11] [12] [13] [14] Not only us, but also many other researchers [15] [16] [17] [18] [19] [20] have calculated the IC 50 to evaluate the toxicity of chemical substances using AS, but the mechanism of the oxygen uptake rate (OUR) inhibition has remained unclear. As a basic study to clarify the mechanism of the OUR inhibition of AS by chemical substances, we previously evaluated 14) the relationship between the so-called biosorption, which is the affinity of chemical substances to AS, and the OUR, and observed more a significant OUR inhibition by chemical substances that are more markedly biosorbed. It is important to analyze factors affecting the elimination of pharmaceutical chemicals by the AS method, which is the main wastewater treatment.
Therefore, in this study, we evaluated the influences of representative pharmaceutical chemicals among PPCP on the OUR of AS in test tubes. As a result, a correlation was observed between the protein binding of pharmaceutical chemicals and the OUR of AS as well as biosorption, which provided useful information for the elimination of pharmaceutical chemicals from wastewater. ketoprofen (KEP), mefenamic acid (MA), phenacetin (PHE) and phenylbutazone (PBZ) used as anti-inflammatory drugs, propranolol· HCl (PRL) as a b-blocker, furosemide (FUR) as a diuretic, tolbutamide (TBM) as an anti-diabetic drug, warfarin K (WAF) as an antithrombotic drug, cyclophosphamide· HCl (CPA) as an antitumor drug, and ampicillin (ABPC), cefalexin (CEX), cefalotin Na (CET), gentamicin · H 2 SO 4 (GM), kanamycin · H 2 SO 4 (KM) and streptomycin · H 2 SO 4 (SM) as anti-microbial drugs. In addition, aminophylline (AMP), chlorpromazine· HCl (CPZ), cimetidine (CMT), dexamethasone (DXM), nicardipine· HCl (NIC), probenecid (PBC), procainamide· HCl (PRO) and salicylic acid (SAL) were also used.
MATERIALS AND METHODS

Drugs
HPLC The HPLC system was constructed using a CCPM-II type pump and an UV-8020 type detector with a column oven (Model CTO-10ASVP, Shimadzu) and a column (Inertsil ODS-3V, 5 mm, 4.6ϫ150 mm: GL Science). The measurement conditions for each pharmaceutical chemical (mobile phase, flow rate, detection wavelength, and column temperature, etc.) were determined according to the HPLC databook (IPC).
21) The data were analyzed using a multistation LC-8020. For the quantification of KEP and TBM, the samples were solubilized with ethyl alcohol (EtOH), and the measurement was performed by acid-base titration 22) with 0.1 mol/l NaOH solution using phenolphthalein as the indicator.
Materials AS was obtained from the wastewater treatment plant of a boiled fish paste production factory in Sendai City and cultured with the synthetic sewage-I (peptone, 3 g; bonito fish meat extract, 2 g; urea, 500 mg; NaCl, 150 mg; KH 2 PO 4 , 500 mg; KCl, 70 mg; CaCl 2 , 70 mg; MgSO 4 , 50 mg; distilled water, 1 l; pH, 6.2; biochemical oxygen demand, 4200 mg/l) used in our previous study. 12) As the OUR measurement system, an Oxygraph 8 type (Central Kagaku Co., Tokyo) consisting of a reaction cell (2 ml) with a stirrer, a polarograph dissolved oxygen (DO) sensor, and a recorder was used as in our previous study. 9) For the measurement of the IC 50 of the pharmaceutical chemicals for AS, 2 ml of synthetic sewage-II (synthetic sewage-I mixed with 1 g/l glucose) mixed with AS with a mixture liquid suspended solids (MLSS) at a concentration of 2000-3000 mg/l was placed in the 2 ml reaction cell. Each pharmaceutical chemical (20 ml) at each concentration solubilized with EtOH or dimethyl sulfoxide (DMSO) was placed in the reaction cell, and the OUR inhibition rate (%) of AS was calculated by plotting values at two points below and above 50% on a semi-logarithmic graph.
Protein Binding of Pharmaceutical Chemicals Since the protein binding values of the evaluated pharmaceutical chemicals differ among the analysis methods, the values in the literature that are widely used were adopted as reference values.
Biosorption Test The biosorption tests of IBP, ABPC, DXM, and ASP as typical pharmaceutical chemicals by AS were performed to clarify the mechanism of the OUR inhibition. After the addition of 10 ml of each pharmaceutical chemical (100 mg/l) to 10 ml MLSS (1000, 2000, 4000, 6000, 8000 mg/l) of synthetic sewage-II and AS, 3 ml was serially obtained and centrifuged (4000 rpm, 10 min). The supernatant was filtered using membrane filters (0.45 mm). In the filtrate (2 ml), the pharmaceutical chemical not biosorbed by AS was indirectly measured by HPLC.
Preparation Method of AS Treated with Excessive Amounts of Pharmaceutical Chemicals
The AS (100 ml) adapted to and cultured in synthetic sewage-I was centrifuged (4000 rpm, 10 min) and washed with water as the starting material (2 ml for each pharmaceutical chemical; AS content, about 200 mg as dry AS). Each pharmaceutical chemical was added to AS to obtain a final concentration of 100 ppm. After a reaction at room temperature for 1 h, centrifugation and washing with water were repeated 10 times to remove the excessive pharmaceutical chemicals (chemicalpretreated group). As the control AS group, AS was treated by the same procedure without the addition of the pharmaceutical chemicals.
RESULTS AND DISCUSSION
Calculation of the OUR Inhibition Rate by IBP To obtain the concentration of each pharmaceutical chemical resulting in a 50% inhibition of the OUR of AS (IC 50 ), synthetic sewage-II and MLSS (2200 mg/l) were placed in the 2 ml reaction cell, stirred using a stirrer at room temperature with the stopper open, and the DO adjusted to 100% (saturation amount). Simultaneously with sealing the cell, the reaction was started, and the DO consumption with time was measured. The DO consumption by AS to 50% (DO 100%→50%) was used as the control. At the time of the 50% DO consumption, 20 ml of 210 mg/l IBP was infused, and the OUR was serially recorded.
OUR inhibition rate (%)ϭ(AϪB)/Aϫ100
where A is the amount of DO (%) consumed during a 1-min period from 1 min after the initiation of the reaction (DOϭ100%), and B is the amount of DO (%) consumed for a 1-min period, 1 min after the addition of the test substance during the consumption of 50% DO. Figure 1 shows an example of the measurement for the IBP. A was 20.0%, and B was 6.8%, and therefore, the inhibition rate was 66.0%.
An Example of the Calculation of the IC 50 of IBP For the calculation of the IC 50 of IBP, the point showing an OUR inhibition rate of 66.0% (210 mg/l IBP) and that showing 29.2% (140 mg/l IBP) were linearly connected, and from the intersection point between this line and the 50% OUR inhibition line, the IC 50 of 172 mg/l was obtained. Table 1 shows the IC 50 values of 15 pharmaceutical chemicals with a protein binding rate of 80-99.7%. Of the tested pharmaceutical chemicals, the IC 50 of IBP (172 mg/l) was the lowest. The pharmaceutical chemicals with an IC 50 value at this level include the previously reported 13) 2,3-Cl (150 mg/l) and 2,6-Cl (189 mg/l) as chlorophenols. The IC 50 value was in the 200 mg/l range for KEP (241 mg/l), DCF (245 mg/l), IDM (272 mg/l), and SAL (278 mg/l); sodium lauryl sulfate (275 mg/l) and HIBI-TANE ® (280 mg/l) as disinfectants 11) had similar IC 50 levels. The IC 50 of 400-1000 mg/l for WAF, ASP and PBC; formaldehyde (450 mg/l) and STERIHYDE ® (920 mg/l) as disinfectants showed similar IC 50 levels. IC 50 values of 1000-2000 mg/l, a calculable range, for NIC and PRL; silver nitrate (1600 mg/l) and bronopol (1750 mg/l) as disinfectants 11) had similar values. Since the IC 50 of EtOH 11) or DMSO 12) as solvents of the these pharmaceutical chemicals was 10000 mg/l, which was the same as the value in the literature, 11, 12) the influences of these solvents could almost be ignored. Ternes 2) reported the elimination rates of the pharmaceutical chemicals calculated using the influx and efflux water from a city sewage treatment plant in Germany (ASP, 81%; IBP, 90%; DCF, 69%; PRL, 96%; and IDM, 75%). Though their conditions differed from our experimental conditions, the elimination rate was higher for the pharmaceutical chemicals having a more significant protein binding. It is of interest that a similar tendency was also observed after the reactions for a short period in the test tubes during our study. The previously suggested 23) mechanisms of eliminating pharmaceutical chemicals by AS treatment include hydrophobicity, volatility, and biodegradation in addition to the protein binding observed in this study.
IC 50 Values of Pharmaceutical Chemicals in the Group with Marked Protein Binding
IC 50 of the Pharmaceutical Chemical Group with Low Protein Binding Rates The IC 50 values for the 15 pharmaceutical chemicals with a relatively low protein binding rate (0-71%) are shown as the maximum concentration required for solubilization because of their significant differences in the solubility for EtOH or DMSO ( Table 2 ). As shown in the table, their IC 50 values were high (Ͼ2000-Ͼ8000 mg/l), confirming their negligible OUR inhibition of AS.
Biosorption of IBP by AS Two milliliters of AS (MLSS; 4000 mg/l) was mixed with IBP (2 ml; 40 mg/l), and the IBP uptake at room temperature was serially observed by HPLC (Fig. 2) . The IBP was adsorbed by AS in a relatively short time; the biosorption rate was 92% after 30 min and 95%, almost reaching a plateau, after 1 h, showing the establishment of a time-response relationship. The IBP uptake reached a peak at an MLSS concentration of 2000 mg/l and decreased at an MLSS concentration above 3000 mg/l or below 1000 mg/l, showing a dose-response relationship (data not shown). The dose-response relationship for the uptake of TBM or KEP by AS could also be confirmed by the acid- base titration method (data not shown). OUR Curves of AS Pretreated with a Certain Excessive Amount of Pharmaceutical Chemicals AS (20 ml corresponding to 20 mg as dry AS) treated or not treated (control) with each pharmaceutical chemical (final concentration, 100 ppm) at room temperature for 1 h was added to the synthetic sewage-II (2 ml) exposed to air by stirring in the 2-ml cell (DO 100%). The cell was immediately sealed, and the OUR due to glucose oxidation was serially measured (Fig.  3) . IBP, KEP, DCF, FUR and CPZ showed significant OUR inhibitions while CEX, PRO, AAP, SM and AMP as well as the control had no influences on the OUR because of complete consumption of the DO after 5-6 min. Thus, the degree of the OUR inhibition of AS may be associated with the protein binding ability of pharmaceutical chemicals for the cell membrane of microorganisms constituting AS and the surrounding OUR-related enzymes. In our preliminary experiment, 12, 14) the possibility of the biosorption was suggested as one of the mechanisms for the OUR inhibition of AS. All findings regarding the pharmaceutical chemicals obtained in this study strongly supported the findings in our previous study. 14) Thus, the pharmaceutical chemicals with a weak biosorption by AS or low protein binding ability are expected to be discharged into the wastewater. There remain many problems in the utilization of raw water and re-use of treated wastewater, thus further studies are necessary. The OUR curves are shown for AS treated with each pharmaceutical chemical at a final concentration of 100 ppm at room temperature for 1 h and untreated AS. For the measurement, 1.8 ml of synthetic sewage-II and 0.2 ml of AS were placed in a reaction cell (2 ml) with the stopper open. The DO was adjusted to 100% by exposure to air with stirring, and the OUR after sealing the cell was serially measured.
